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INTRODUCTION 
The most efficient utilization of feedstuffs in animal 
production is of the utmost importance. Since the human 
population and monogastrlc animals are in direct competition 
for some of the same food sources (protein sources especial­
ly) it is essential that the nutrient requirements for mono-
gas tries be more explicitly delineated. 
The actual determination of Indispensable amino acid 
requirements for lactatlng sows was neglected until the late 
1960's. Until that time, requirements had been extrapolated 
from values obtained experimentally for non-gravid, non-
lactatlng swine. As mentioned earlier, it is essential in 
today's world to be more precise in determining the amino 
acid requirements for every class of animal, so that a mini­
mum amount of feedstuffs is utilized by animals at maximum 
efficiency. This would allow more of the food sources to be 
channeled Into human foods to meet the ever-increasing de­
mand brought about by an Increasing population. 
Lysine, sulfur amino acids, threonine and tryptophan 
requirements for the lactatlng sow have been estimated 
experimentally. The levels determined to be minimal for 
optimum performance more precisely elucidate the requirements 
than previous calculated values. Further work is needed to 
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define the requirements of the lactating sow for all of the 
Indispensable amino acids. 
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REVIEW OP LITERATURE 
Estimates of the Amino Acid 
Requirements for Lactatlng Sows 
Although most of the protein and amino acid require­
ments for growing, finishing and gestating swine have been 
verified by research, the lactatlng sow's requirements 
have not been completely researched. In fact, the National 
Research Council (N.R.C., 1973) requirements are based on 
calculated values that were originally presented by 
Baker et al. (1970a). In general, two methods have been 
used to estimate the amino acid requirements of the 
lactatlng sow. These will be discussed. 
Factorial method 
Lodge (1962) stated that the requirement of the 
lactatlng animal for any nutrient is the sum of the amount 
secreted in the milk, the amount, if any, utilized in the 
process of milk secretion and the requirement for mainte­
nance. Therefore, to estimate the requirement for any 
nutrient it is necessary to know the yield and composition 
of milk and the efficiency with which the nutrient in 
question is utilized either including or excluding the 
requirement for maintenance. This is the method Baker 
et al. (1970a) used in calculating the amino acid require­
ments for lactatlng sows. They considered the requirement 
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to consist of two components: one component for mainte­
nance of the animal and the other required for milk 
synthesis. Dally requirements were based upon maintenance 
requirements determined for non-gravld, non-lactatlng 
gilts, (Baker et al., 1966a, b, c and Baker and Allee, 
1970) using nitrogen balance data, plus an assumed milk 
production and composition. Thus, the dally Intake re­
quired by a 145 kg sow producing 6.0 kg of milk with 
5.2% protein was derived from the total requirement 
(maintenance plus milk protein) assuming an apparent 
digestibility of S0% for the dietary amino acids. The 
values specified by Baker et al. (1970a) were adopted by 
the N.R.C. (1973) with the exception of lysine. The 
lysine requirement was based upon a lysine level study 
conducted by Boomgaardt et al. (1972). 
Speer (1975), using the same factorial method as 
Baker et al. (1970a) also calculated lactation require­
ments. Although Speer (1975) used a I60 kg sow as a 
reference, the maintenance requirements do not differ 
significantly from those of a 145 kg sow used by Baker 
et al. (1970a). The main differentiation in Speer's 
calculations is that of amino acid composition of the milk, 
which has a dominant effect on the total lactation require­
ment. Milk composition was based upon values by Bowland 
(1966), Duee and Jung (1973) and Elliott et al. (1971) 
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and resulted In reductions of all essential amino acid 
requirements except for arglnlne and hlstldlne. 
The factorial method provides useful estimates of 
the amino acid requirements, but there is a possible 
error in the assumption that the lactating sow has the 
same maintenance requirement as the non-pregnant gilt. 
Also, amino acid composition of the milk, milk yield, and 
efficiency of amino acid utilization by the sow, are 
possible sources of error (Lewis and Speer, 1975b). 
In subsequent experiments designed to determine 
lactation requirements, values have been derived that 
are within range of those obtained by the factorial 
method. 
Experimental method 
The determination of one or more metabolic and 
production parameters (e.g. plasma amino acid pattern, 
plasma urea, nitrogen balance, daily gain, feed efficiency) 
has been used extensively in the past for the estimation 
of requirements for growing-finishing and gravid swine. 
Incorporation of these procedures into lactation require­
ment determinations is confounded by the fact that the 
sow is not a growing animal and she is producing milk 
(Lewis and Speer, 1975b). 
The multiple parameter approach to delineate lactation 
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requirements has been employed In several trials (Gangull 
et al., 1971; Salmon-Legagneur and Duee, 1972; Lewis and 
Speer, 1973; Lewis and Speer, 1974a; Ramamurthy and 
Stothers, 1974; Lewis and Speer, 1975a). The measurements 
taken by these workers Included milk production, milk 
composition, pig weight gain, nitrogen retention, plasma 
free amino acids and plasma urea. Although there are 
discrepancies between the factorial and experimental 
methods for amino acid requirement estimates. It seems 
that the latter method would be the most suitable with 
the current knowledge of the various measurements 
employed. 
Gestation-Lactation Relationships 
The effect of gestation dietary regime on lactation 
performance has been investigated in numerous experiments. 
A reasonably consistent finding in these reports has been 
that low protein diets fed during gestation result in 
reduced weight gain and, in turn, result in decreased 
lactation performance, as evidenced by lower pig gain 
from birth to weaning (Holden et al., 1968; Pike and Boaz, 
1969; Baker et al., 1970b and c; Hawton and Meade, 1971; 
DeGeeter et al., 1972; Baker et al., 1973; Calvez, 1973). 
Mahan and Mangan (1975) conducted a 3x2 factorial design 
experiment utilizing 9» 13 and 17% protein gestation diets 
7 
and 12 or l8% protein lactation diets. They reported a 
gestation x lactation Interaction (P<.05) on litter gain 
and feed Intake, suggesting an effect of pregnancy protein 
level on lactation performance. 
Gilts and sows which gain most during pregnancy tend 
to lose the most weight during lactation (Lodge et al., 1961; 
Clawson et al., 1963; Meade et al., 1963; Frape et al., 
1971). Elsley et al. (1967) concluded that nitrogen 
deposited (excluding uterine contents) in gravid sows fed 
high protein diets during gestation is anabollzed in the 
sow in the form of muscle and tissue protein. This labile 
protein is possibly a source the sow can catabolize 
during lactation to compensate for dietary Inadequacy 
or stress (Pike and Boaz, 1969). However, an extended 
depletion of the labile reserves will subsequently result 
in a reduction of milk production (Mahan et al., 1971c). 
Protein and Amino Acid Nutrition on Pig Gain, 
Milk Yield and Milk Composition 
In addition to the effect of gestation protein regime 
on lactation performance, the quantity and quality of 
dietary protein fed during lactation is of great impor­
tance. Holden et al. (1968) fed lactation diets composed 
of corn and soybean meal (C-SBM) and diluted them to give 
protein levels of 8, 12, 16 and 20%. They reported 
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increased pig gains and milk protein content trends as 
dietary protein increased. Mahan et al. (1971b) reported 
a linear (P<.01) increase in litter gains when sows were 
fed C-SBM diets ranging from 10 to 18^ protein. Mahan 
et al. (1971a) reported increased daily total solids 
and protein production from sows fed 10 to 18^ protein 
lactation diets. Grifo and Mahan (197%) fed sows diets 
containing corn as the sole protein source. They indicated 
increased litter gain and sow milk protein when these 
sows were fed lactation diets ranging from 12 to 20% 
protein. Milk protein at days 7, 14 and 21 of lactation 
was not affected by diets ranging from 5 to protein 
according to Elliott et al. (1971). Protein fed during 
gestation had no effect on litter gain when an 18% protein 
diet was fed during lactation (mahan and Mangan, 1974). 
Protein quality (amino acid balance) has a direct 
bearing on milk production and pig gain is highly corre­
lated with milk production. Lewis and Speer (1973) and 
Lewis and Speer (1974a) obtained positive correlations of 
0.79 and 0.84, respectively, in relating pig gain to 
milk yield. Responses of both milk yield and pig gain 
have been maximized at or near the dietary level of the 
amino acid under investigation that was estimated to be 
the requirement (Lewis and Speer, 1973; Lewis and Speer, 
1974a; Ramamurthy and Stothers, 1974; Lewis and Speer, 
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1975a). 
Influence of Amino Acid Nutrition on 
Nitrogen Metabolism In Lactation 
Nitrogen balance trials have been an accepted 
procedure to estimate the protein and amino acid require­
ments for growing and pregnant animals, however, the 
Incorporation of nitrogen balance studies Into sow lac­
tation trials Is relatively new. Problems encountered 
In lactation balance studies Include such things as 
measurement of milk and nitrogen yield, along with the 
separation of litter feces during collection. However, 
with careful attention to these problems reliable estimates 
of nitrogen balance can, and have been accomplished. 
Since the major objective In lactation Is milk 
production. It would seem nitrogen equilibrium would 
be desirable. Lewis and Speer (1973) concluded that a 
sow receiving 100 grams of nitrogen dally (with optimum 
amino acid balance) could maintain nitrogen equilibrium. 
In experiments designed to elucidate the amino acid require­
ments for lactation, numerous workers have used maximum 
nitrogen retention, along with maximum milk and nitrogen 
yield to arrive at recommended levels (Gangull et al., 1971; 
Lewis and Speer, 1973; Lewis and Speer, 1974a; Lewis and 
Speer, 1975a). The Ideal situation would be a maximization 
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of nitrogen retention in conjunction with maximum milk 
production to yield a zero nitrogen balance (equilibrium). 
Amino Acid Relationships 
Labile amino acid stores 
The possibility of animals having the capacity to 
draw on reserve protein stores has been mentioned in a 
previous section, however, further discussion seems 
appropriate. In 1964, Allison and others, using rats, 
established a correlation between cellular protein content 
of muscle tissue and the ability of the animal to survive 
stresses of amino acid or protein deprivation. They 
stated that it was possible that muscle is a major source 
of protein reserve in the body and some of these tissue 
proteins can be reversibly depleted and repleted to 
contribute to the amino acid pool of the body. When 
considering leucine specifically, Pozefsky et al. (I969) 
concluded that leucine release from muscle protein during 
fast or stress is in smaller quantities than would be 
expected from the known amounts of leucine in muscle 
protein. Conversely, Sketcher and James (197^) wrote 
that muscle, despite its lower rate of protein turnover, 
accounted for a greater proportion of total body protein 
turnover than the liver. They also concluded that the 
two main metabolic pathways (incorporation into protein 
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and oxidation) for branohed-ohain amino acids (leucine, 
isoleuclne and valine) occur in skeletal muscle. A 
similar pathway for branched-chaln amino acids was also 
alluded to by Elwyn (1970). Lunn et al. (1976) reported 
a slight decrease in muscle amino acid content of rat 
muscle when comparing animals fed 3.15% casein protein 
to those fed 21.% casein protein. Thus, the possibility 
that animals have the capacity to draw on reserve protein 
stores has been further delineated, but the pathway is 
not thoroughly confirmed. After further investigation 
into this aspect of protein nutrition, it may be possible 
to assign amino acid requirements according to prior 
nutriture. 
Effect of dietary protein on plasma amino acids 
• With the advent of Improved amino acid analysis 
procedures, scientists have turned to the plasma amino 
acid as an indicator of protein utilization. The effect 
of protein composition on plasma amino acid levels has 
been investigated by numerous workers. A relationship 
between composition of dietary protein and fluctuations 
in plasma amino acid levels has been established (Puchal 
et al., 1962;  Swendseld et al., 1963;  Lucas et al., 1969;  
Nordstrom, et al., 1970; Davey et al., 1973; Itoh et al., 
1974) .  
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Although in 1971, Porter and Rolls stated that a 
direct correlation of plasma amino acid levels with protein 
quality has not yet been achieved, subsequent trials have 
shown more promise In the reliability of such a procedure. 
Adlbl and Mercer (1973) using human subjects fed a protein-
rich meal containing bovine serum albumin concluded that 
after the Ingestion of a meal containing protein within 
the usual range of dietary Intake, the exogenous protein 
is the principal source of Increased amino acids in the 
plasma. Comparisons of the amino acid composition of 
bovine serum albumin with the increases in plasma free 
amino acids showed significant (P<.01) correlations 
ranging from 0.7 to 0.96 in 10 of 13 subjects. Similarly 
in 1974, Robinson et al. using 3^ kg pigs established cor­
relation coefficients relating plasma amino acid levels 
to dietary content for isoleucine, leucine and valine 
of 0.99s 0.88 and 0.92, respectively. Thus, it seems 
that the use of plasma amino acids as metabolic indicators 
of protein Intake and composition has been established 
as a reliable means to test the adequacy of proteins. 
Amino acid content on plasma amino acids 
Determining the limiting amino acid in a protein 
utilizing plasma amino acid patterns has been prominent in 
the literature for several years. Sauberllch and Salmon 
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(1955)s Longenecker and Hause (1959), Hill et al. (1961), 
Hill and Olsen (1963b), Swendseid et al. (1963), Dean and 
Scott (1965), Clark et al. (I966), McLaughlan and Illman 
(1967), Leung et al. (1968), Clark et al. (1973) and Noda 
(1975) ail indicated that the plasma amino acid pattern 
of animals fed an amino acid-deficient diet is characterized 
by a very low concentration of the amino acid that limits 
growth. It is postulated that if an amino acid is limiting 
in the diet, a major proportion will be used for protein 
synthesis and only a small amount remains to accumulate 
in the plasma (Fisher et al., I96O; Harper and Rogers, 
1965; Sugahara et al., 1969; Chavez and Bayley, 1976). 
It would follow that if the limiting amino acid in a 
protein could be determined by the plasma amino acid 
pattern, supplementation of a dietary protein with a 
single amino acid would Increase that amino acid in the 
plasma (Richardson et al., 1953). It has been shown in 
a trial by Mitchell et al. (1964) that the amino acid 
under study remained at a rather constant, low level in 
the plasma until a certain dietary level was reached, 
after which, there was a sharp and usually linear increase. 
Although only a small part of the body pool of free 
amino acids is present in the plasma (Young, 1970), it 
is generally assumed that alterations in the concentrations 
of amino acids in the plasma reflect the changes taking 
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place In the free amino acid concentrations in other 
tissues (Adibi, 1971). This and other similar work 
established the potential of plasma free amino acids as a 
criterion of the dietary need for amino acids. 
Plasma amino acids as indicators of amino acid requirements 
In amino acid requirement determinations, plasma amino 
acids have been used as requirement indicators. The plasma 
free level of the amino acid in question remains at a low, 
but constant concentration until the dietary requirement 
is met, then increases rapidly, with higher dietary levels 
resulting in a rapid accumulation of the amino acid in the 
plasma (Zimmerman and Scott, 1965; Mitchell et al., 1968; 
Bravo et al., 1970; Stockland et al., 1970; Stockland 
et al., 1971). Similar data have been reported by 
Oestemer et al. (1973), Tontisirin et al. (1973), 
Tontisirin et al. (1974), Henry et al. (1976) and 
Woerman and Speer (1976). 
Plasma amino acid responses have also been used in 
determining the amino acid requirements of lactating sows. 
Response curves similar to those previously mentioned 
were obtained in studies to estimate the requirement for 
sulfur amino acids, lysine, tryptophan and threonine 
(Gangull et al., 1971; Lewis and Speer, 1973; Lewis and 
Speer, 1974a; Lewis and Speer, 1975a). In the majority 
15 
of these studies, the rapid increase in plasma concen­
tration of the amino acid under study roughly corresponded 
to the dietary level at which maximum pig gain, milk 
yield and nitrogen retention occurred. Mitchell et al. 
(1968) concluded that use of plasma amino acids gave a 
better indication of amino acid status of the animal than 
did nitrogen retention. 
The inverse relationship of amino acid utilization 
and plasma urea can be readily employed in the amino 
acid requirement determination. Based upon the hypothesis 
that imbalanced amino acid diets cause increased urea 
synthesis (Salmon, 1958; Harper et al., 1970), a decrease 
or minimization in plasma urea could indicate a more 
optimum amino acid balance. This has been shown by 
numerous workers including Lewis and Speer (1974b), 
Brown and Cline (197%) and Sohail et al. (1974). 
Although an increased plasma level of certain amino 
acids upon supplementation has been a consistent finding, 
consideration should be given to specific cases in which 
amino acid interrelationships or antagonisms have been 
implicated. 
Leucine-isoleucine interrelationships 
As early as 1952, it was shown that excess leucine 
inhibited the intestinal absorption of isoleucine, but 
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an excess of Isoleuclne did not cause Inhibition of 
leucine absorption (Kamln and Handler, 1952). Yamada 
and Swendseld (1968) reported similar results. Harper 
et al. (195%) and Harper et al. (1955) concluded that 
L-leuclne was an antagonist of Isoleuclne In the rat. 
Harper et al. (1955) found an Increased Isoleuclne 
requirement when 2% L-leuclne was added to an Isoleuclne 
deficient diet. Benton et al. (1956) recorded growth 
depression In rats fed 9% casein diets with Z% or more 
added L-leuclne. Sauberllch (1961) Indicated depressed 
growth In rats as the leucine content Increased, however, 
a 100% Increase In Isoleuclne content failed to depress 
growth. It should be noted that antagonisms were reported 
when extreme excesses of leucine were Incorporated Into 
the diets. In fact, Muramatsu et al. (1971) observed a 33# 
growth depression in rats when an excess Isoleuclne (5% 
added to basal) was fed when compared to a 10% casein diet. 
Thus, the classical leuclne-lsoleuclne antagonism should 
not be taken out of context, especially when related to 
dietary amino acid requirements. 
Hagihlra et al. (i960) reported that the presence of 
any branched-chain amino acid Interfered with absorption 
of the other two. Spolter and Harper (196I) wrote that 
excess leucine depresses the utilization of the structur­
ally similar isoleuclne and valine when the latter two are 
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not limiting for growth. Although absorption of isoleucine 
and valine may be inhibited by an excess of leucine (upper 
part of small Intestine particularly), as more leucine is 
absorbed, the ratio of leucine to the other two branched-
chain amino acids will fall and competition for absorption 
should decrease as ingesta passes farther down the intestine 
and competition should not greatly affect the absolute 
amounts of Isoleucine and valine absorbed (Harper, 1964). 
Little evidence of specific competition Involving leucine 
and isoleucine was found when studying intestinal absorption 
of amino acids resembling those Ingested by rats fed a 
low protein diet, high in leucine (Delhumeau et al., 1962). 
No effect on rate of stomach emptying, quantity of 
nitrogen in Intestinal contents or differences In amounts 
of leucine, Isoleucine and valine in intestinal contents 
were found in rats subjected to the classical leucine-
Isoleuclne antagonism (Rogers et al., 1962; Tannous et al., 
1966). This leaves the possibility of post-absorption 
competition between the branched-chaln amino acids. 
One possible explanation for leucine's post-absorptive 
effect on Isoleucine and valine would be the stimulation 
of catabolic enzymes that would degrade isoleucine and 
valine. Boldlzsar et al. (1973), using ^^C-labeled amino 
acids found it unlikely that excessive catabollsm of valine 
and isoleucine accounts for the antagonism between the 
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branched-chaln amino acids In the chick, based on the ^^C02 
expiration. 
The relationship between leucine and Isoleuclne In 
the plasma has been researched extensively and In all 
reports the plasma level of leucine and Isoleuclne were 
Inversely related (Hill and Olsen, 1963b; D'Mello and 
Lewis, 1970a; D'Mello and Lewis, 1970b; Bravo et al., 1970; 
Oestemer et al., 1973; Clark et al., 1973; Henry et al., 
1976). The metabolic and nutritional significance of 
this phenomena has yet to be fully explained. 
Even with the evidence of Interrelationships between 
leucine and Isoleuclne, plasma amino acid response curves 
can still be utilized In determining their requirements. 
Bravo et al. (1970), using growing pigs, found that plasma 
free Isoleuclne remained low for lower levels of dietary 
isoleuclne, then increased linearly with increasing 
dietary Isoleuclne. Plasma urea decreased as dietary 
isoleuclne increased, indicating improved utilization of 
isoleuclne. In a réévaluation of the Isoleuclne require­
ment of the growing pig, Oestemer et al. (1973) found 
that plasma free isoleuclne differed significantly (P<.01) 
with increased dietary isoleuclne. Plasma free Isoleuclne, 
again, remained low until there was adequate or excess 
isoleuclne in the diet, then increased in an almost linear 
manner. In 1976, Henry et al. also evaluated the isoleuclne 
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requirement of the growing pig. When diets containing 
0.38 to 0.62% dietary isoleucine were fed, plasma free 
isoleucine increased sharply with each addition of 
isoleucine to the diet. This led them to report a maximum 
requirement to be 0.38% of the diet. In the French 
experiment, doubling the leucine ;isoleucine ratio 
(1.7:1 to 3.0:1) had no deleterious effects either on 
growth performance or on isoleucine requirement. 
Endogenous sources of amino acids 
In estimating amino acid requirements, consideration 
should always be given to the possibilities of unforeseen 
complications concerning the amino acid in question. For 
instance, in an experiment feeding graded levels of 
histidine to gestating swine. Easter and Baker (1977a) 
presented the possibility of hemoglobin and carnosine 
(P-alanyl-histidine) as being possible endogenous sources 
of histidine. This could easily confound the histidine 
requirements for gravid swine. Parallel to this would 
be the fact that leucine, valine and threonine are known 
to constitute a large proportion of the immune proteins in 
the sow (Beacom and Bowland, 1951). Also, there is 
the possibility of leucine release from skeletal muscle, 
even though Pozefsky et al. (I969) stated that the release 
is smaller than would be expected in a stress situation. 
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Regardless of how minimal endogenous sources might be, 
the possibility of this occurring remains and will add to 
the difficulty in assigning precise amino acid requirements. 
21 
EXPERIMENTAL 
Objectives 
Two experiments were conducted to determine the 
L-lsoleuclne and L-leuclne requirement of the lactatlng 
sow. 
Measurements In both experiments, based upon the 
response to levels of the amino acid under study, were 
the following: milk production and composition, pig 
weight gain, nitrogen balance, plasma free amino acid 
level and plasma urea. Beta-hydroxybutyrlc acid level 
In the plasma was also measured In the leucine experiment. 
The data reported herein are on file In the Swine 
Nutrition section of the Animal Science Department, 
Iowa State University of Science and Technology, Ames, 
Iowa, and Identified as Swine Experiments 7504 and 7601. 
Experimental Diets 
The calculated analyses of the experimental basal 
diets are shown In Tables Al, A2 and A3. The basal diets 
consisted of oat groats (Exp. 7504) or yellow hominy 
feed (Exp. 7601) fortified to provide all essential 
nutrients, except the test amino acid, at recommended 
levels (N.R.C., 1973 and Speer, 1975). Sows were fed 
5.45 kg dally of the experimental diets In two equal 
feedings throughout lactation. 
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Experiment 7504 
This experiment was designed to determine the Isoleu-
clne requirement of the lactating sow by the addition of 
L-lsoleuclne to the basal diet. L-lsoleuclne (allo-free) 
was added to the basal diet to provide levels of 0.20, 
0.28, 0.37» 0.65 and 0.92% Isoleuclne. 
Experiment 7601 
This experiment was designed to determine the leucine 
requirement of the lactating sow by the addition of L-
leuclne to the basal diet. L-leucine was added to the 
basal diet to provide levels of 0.44, 0.64, 0.84, 1.04 and 
1.24% leucine. 
General Experimental Methods 
Twenty-five Landi-ace x Yorkshire sows (second 
through seventh parity) in each experiment were selected 
from the Iowa State University Swine Nutrition Farm 
breeding herd on the basis of previous satisfactory 
reproductive performance. During gestation, the sows 
had been fed 2.27 kg per day of a 12% protein corn-
soybean meal diet. Animals were randomly assigned to five 
dietary treatments on which they remained for a three week 
lactation period. Analysis of the data was by analysis 
of variance (Snedecor and Cochran, 1969), with orthogonal 
coefficients calculated according to Grandage (1958). 
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Replicates were determined using milk yield to rank the 
sows within each treatment. 
Experimental Units and Procedure 
Approximately four days before parturition, the sows 
were placed in raised farrowing stalls and remained there 
throughout the 21 day lactation. Sows and litters had 
free access to water at all times, but no creep feed was 
provided for the litter. 
Sows and their litters were weighed immediately post­
partum and on days 7» 14 and 21 postpartum. Litter 
size was equalized to nine pigs on day 3> and was maintained 
at nine by replacing any pig that died with a pig of 
similar age and weight. 
On days 7, 15 and 21, sows were bled by anterior vena 
cava puncture, four and a half hours after their morning 
feeding. An 11.4 cm, l6 gauge needle attached to a 50 ml 
syringe was used to withdraw the blood samples. The 
syringe dead space contained a heparin solution (6.49 mg/ml). 
Blood samples (50 ml) were centrifuged immediately and the 
plasma was aspirated. Ten milliliters of plasma were then 
deprotelnlzed by adding solid sulfosalicyllc acid according 
to the method of Perry and Hansen (1969). The plasma and 
the deprotelnlzed plasma were stored at -20 C until analyzed. 
Plasma was analyzed for urea as described by Marsh et al. 
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(1965). In the leucine experiment, plasma was also 
analyzed for 3-hydroxybutyric acid according to Ruiz 
(1970). Deproteinized samples were analyzed for plasma 
free amino acids by gas-liquid chromatography using a 
method similar to Adams (1973). 
Milk yield of the sows was measured on days l4 
and 20 postpartum as described by Lewis and Speer (1975a)'. 
The pigs were weighed immediately before and after 
suckling at hourly intervals. Pigs were kept away from 
the sow between suckling periods in a heated wooden pen. 
Milk yield estimates were obtained hourly for 9 conse­
cutive hours. The first three hours were used as an 
adaptation period and the values for the final 6 hours 
were used in calculating a 24 hour milk yield. 
Following blood sample withdrawal on days 15 and 21 
as described previously, the I6 gauge needle was retained 
in the vena cava and the blood collection syringe removed 
from the needle. A syringe containing 10 lU of oxytocin 
was attached to the needle and the contents injected. A 
milk sample was then expressed by hand. The milk was 
filtered, bottled and stored at -20 C until analyzed for 
total solids and nitrogen. 
A nitrogen balance trial was conducted from day 15 
to 20 of lactation. A sheet of expanded metal at the 
rear of the raised farrowing stalls facilitated fecal 
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collection on a fine mesh screen. Feces was collected 
daily, weighed, stored in a plastic bag and frozen at 
-20 C until the collection period was completed. At 
the end of the collection period the total fecal col­
lection was mixed and a 1 kg subsample was dried in an 
oven at 55 C and weighed after air equilibration. The 
dry sample was ground in a Wiley mill and stored in a 
sealed glass jar until analyzed for nitrogen. 
Urine was collected with a size 26 Foley catheter 
inserted into the bladder via the urethral opening. 
The catheter drained through Tygon tubing into a 20 
liter bottle containing 40 ml of 10% HCl (1.16N). The 
urine was measured daily and a 0.5% subsample was taken 
and stored at -20 C for later nitrogen analysis. 
Feed, feces, urine and milk samples were analyzed 
for nitrogen content according to A.O.A.C. (1975). 
The milk total solids content was determined by the 
method of A.O.A.C. (1975). Samples of oat groats, 
yellow hominy feed and gelatin used in the basal diets 
were hydrolyzed by the method of Conkerton (1974) and 
analyzed for indispensable amino acids, except arginine, 
histidine and tryptophan; using a semiautomatic gas-
liquid chromatograph. Tryptophan was determined in the 
oat groats according to Lewis et al. (1976). 
Experiments 7504 and 7601 were initiated on February 
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7» 1975 and January 13, 1976 and completed on August 8, 
1975 and October 25, 1976, respectively. 
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RESULTS AND DISCUSSION 
Experiment 7504 
Lactation production performance 
Milk yield and weight change of sows, and average pig 
weight gain are shown in Table A4 (Appendix A) and Figure 1. 
Milk yields on day 14 Increased quadratically (P<.06) as 
dietary isoleuclne increased. Day 20 milk yields increased 
both linearly and quadratically (P<.05) with increasing iso­
leuclne levels. Also, day 20 milk yields were lower (P<.01) 
than day 14 milk yields. When the two periods were combined, 
there was a significant quadratic (P<.05) increase in milk 
yield, which was maximized at 0.37# (20.2 g/day) Isoleuclne. 
The quadratic response In milk yield corresponds to similar 
experiments (Lewis and Speer, 1973, 1974a and 1975a). Average 
pig weight gain increased quadratically (P<.08) as Isoleuclne 
Increased, and was maximized at 0.37# isoleuclne. A corre­
lation (r=.76) was obtained for the regression of pig gain 
on milk yield. Lewis et al. (1977) calculated a correlation 
coefficient for pig gain on milk yield of .70, using milk 
yield and litter gain data.from 100 sows and their litters. 
Sow weight changes were not significantly affected by diet­
ary Isoleuclne as has been true for other similar experiments 
from the Iowa Agriculture and Home Economics Experiment Sta­
tion (Holden et al., 1968; Gangull et al., 1971; Lewis and 
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Speer, 1973, 1974a and 1975a). All sows lost weight from 
day 7 to day 21, with a mean weight loss of 6.9 kilograms. 
Milk composition data are presented in Table A5 and 
Figure 1. Total solids concentration on day 15 was in­
creased quadratically (P<.09), and day 21 solids concen­
tration was increased linearly (P<.06) as isoleucine levels 
increased. When both periods were combined, there were no 
significant treatment differences. Although the mean total 
solids concentration was maximized at 0.65% (35.4 g/day) 
isoleucine, this is not believed to be representative of 
the treatment. The milk from one sow fed 0.65% isoleucine 
had solids (30.24%) and protein (9•47%) concentration ap­
proximately twice the level of the samples from all other 
sows fed this treatment. When the composition data from 
this sow were omitted, a quadratic treatment response was 
observed with a maximum at 0.37% isoleucine. Total solids 
production was maximized between 0.37 and 0.65% isoleucine 
levels (significant quadratic response, P<.005). There were 
no significant differences in milk protein concentrations 
among the treatments. Mean protein concentration of the 
trial was 4.30%. Daily milk protein production was maxi­
mized at 0.65% isoleucine (significant quadratic response, 
P<.05). The correlation of daily milk protein and solids 
production with milk yield resulted in coefficients of 
r=.76 and r=.87, respectively. 
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Nitrogen metabolism 
Nitrogen balance data of sows are presented In Table 
A7 and Figure 2. Because there was a variable dietary 
Intake In some sows during the nitrogen balance period, 
the data have been statistically adjusted by covarlance 
analysis to equal feed Intake (93.23 g dally nitrogen). 
Urinary nitrogen decreased quadratlcally (P<.01), and 
nitrogen retention (excluding milk nitrogen) Increased 
quadratlcally (P<.05) as dietary Isoleuclne levels were 
Increased. Dally milk nitrogen production also Increased 
quadratlcally (P<.05) with Increasing Isoleuclne, and as 
a result there were no significant differences in nitrogen 
balance (including milk nitrogen) from the addition of 
isoleuclne. Milk nitrogen was less than nitrogen retention, 
therefore all sows were in positive nitrogen balance. As 
graphically shown in Figure 2, nitrogen retention was 
maximized and urinary nitrogen was minimized at 0.37% iso­
leuclne, Indicating maximum amino acid utilization. 
Previous amino acid requirement studies at the Iowa 
Station have utilized ground yellow corn in the formulation 
of the basal diets, with this ingredient contributing the 
majority of the amino acids and 80 to 9055 of the total 
dietary nitrogen (Lewis and Speer, 1973, 1974a and 1975a). 
As shown in Table Al, oat groats was selected as the grain 
source in this experiment. Although oat groats contains 
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less Isoleucine in relation to its protein (nitrogen) con­
tent than other feed grains, the level incorporated in the 
basal diet of this experiment was restricted to 53^ of the 
loo g nitrogen to be fed daily. L-glutamic acid contributed 
32.4% of the dally nitrogen intake, and the balance of the 
nitrogen was supplied by Indispensable amino acids. Lewis 
and Speer (1973) had suggested that 100 g nitrogen (balanced 
protein) daily would maintain nitrogen balance in the lactat-
ing sow, but in this experiment all sows were in positive 
nitrogen balance. The much higher proportion of nitrogen 
supplied by L-glutamic acid and indispensable amino acids 
(47%) in this experiment compared with 15% (Lewis and Speer, 
1974a) and 21% (Lewis and Speer, 1975a) nitrogen supplied by 
synthetic amino acids in previous experiments, may have in­
fluenced nitrogen balance in this trial. In this experiment 
the apparent nitrogen digestibility averaged 90% compared 
with 82% (Lewis and Speer, 1974a) and 83% (Lewis and Speer, 
1975a). Also, dally milk nitrogen greatly affects the nèt 
nitrogen balance in the lactatlng sow. In this experiment 
the sows produced an average of 41.2 g of milk nitrogen 
daily compared with 47.0, 42.6 and 52.3 g in previous 
experiments (Lewis and Speer, 1973, 1974a and 1975a). 
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Plasma amino acids and urea responses 
Responses of the plasma components are shown In 
Table A6 and Figure 3. Plasma isoleucine increased lin­
early (P<.001) with increasing dietary isoleucine at 
each bleeding period (days 7» 15 and 21), however, when 
the periods were combined, the response was both linear 
(P<.001) and quadratic (P<.05). There was an inflection 
point at 0.37% isoleucine, after which a rapid increase 
was seen. This coincides with reports from similar 
experiments, in which the amino acid under study remained 
at a low level in the plasma until the dietary requirement 
was reached, after which there was a sharp and usually 
linear increase (Mitchell et al., 1964; Zimmerman and 
Scott, 1965; Lewis and Speer, 1973; Tontisirin et al., 
1974; Lewis and Speer, 1975a). Bravo et al. (1970), 
Oestemer et al. (1973) and Henry et al. (1976) reported 
similar responses with growing pigs in determining the 
Isoleucine requirement. Ramamurthy and Stothers (1974) 
observed increasing plasma isoleucine in lactating sows 
when dietary isoleucine was increased from 0.35 to 
0.655s. 
Plasma leucine failed to show a significant response 
to dietary isoleucine when considering the mean responses 
even though a cubic response (P<.05) was noted for day 
15. This finding is not in agreement with Oestemer et al. 
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(1973)• They reported a decrease (P<.01) in plasma leucine 
with increasing dietary isoleucine, however it is in 
partial agreement with Hill and Olsen (1963a) who failed 
to show any effect on plasma leucine when an isoleucine-
deficient diet was fed to chicks. As shown, plasma valine 
increased linearly (P<.05) with increasing dietary 
isoleucine, indicating a direct relationship with dietary 
isoleucine. 
In past amino acid studies, an inverse relationship 
between plasma urea concentration and that of the amino 
acid in question has been shown (Lewis and Speer, 1973; 
Brown and Cline, 197^5 Lewis and Speer, 1974a; Sohail et âl., 
1974; Lewis and Speer, 1975a; Woerman and Speer, 1976). 
In general the plasma urea level has decreased rapidly 
at the same dietary level at which the plasma level of 
the test amino acid increased rapidly, indicating improved 
protein utilization. There were no significant treatment 
differences in this experiment, but plasma urea was 
minimized at the 0.37% Isoleucine level. The high level 
of L-glutamic acid in the diets and the slow consumption 
of the diets by the sows may have been responsible for 
the lack of a significant plasma urea treatment response. 
Previously mentioned experiments Indicating the inverse 
relationship utilized meal-fed animals, while the sows 
in this experiment were essentially ad libitum fed. 
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Noda (1975) reported almost constant plasma urea levels In 
rats fed various amino acid imbalanced diets ad libitum. 
Determination of the isoleucine requirement for lactation 
Production data (milk yield and pig weight gain) and 
plasma component responses are summarized in Table 1. 
Table 1. Estimate of the isoleucine requirement for 
lactation 
Item 
Optimum dietary 
isoleucine level,% 
Plasma isoleucine 0.28-0.37 
Plasma urea 0.37 
Urinary nitrogen 0.37 
Nitrogen retention 0.37 
Milk yield 0.37 
Pig weight gain 0.37 
From these data it is estimated that the lactating sow 
requires a minimum of 0.37% (20.17 g/day) dietary 
isoleucine during the first three weeks of lactation. If 
true digestibility is assumed to be 90% from typical 
natural ingredients and synthetic L-isoleucine 100% 
digestible, the requirement for Isoleucine would be 
Increased to 0.39% of the diet. Although this value is 
approximately 45% lower than current N.R.C. (1973) 
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recommendations, it is very near the value calculated by 
Speer (1975). The only experiment reported to determine 
the Isoleuclne requirement of the lactatlng sow is by 
Ramamurthy and Stothers (1974), who suggested 0.50% as 
the minimum dietary requirement. It should be noted that 
only three levels of isoleuclne were used and their basal 
level (0.35%) of isoleuclne was near the level (0.37%) 
estimated to be the requirement in this experiment. 
Experiment 7601 
Lactation production performance 
Milk yield and weight change of sows, and average pig 
weight gain are shown In Table A8 and Figure 4. The only 
significant response in milk yield was a quartlc response 
(P<.003) at day 20. This resulted in a quartlc response 
(P<.01) when the two milk yield periods were combined. 
Due to the correlation of pig weight gain with milk yield 
(r=.83) a quartlc response (P<.06) resulted for pig weight 
gain. There was no response to dietary leucine in sow weight 
change. This agrees with reports cited earlier. The pos­
sible reason for the above responses will be discussed later. 
Milk composition data are presented in Table A9 and 
Figure 4. Total solids concentration on day 15 failed to 
respond to dietary leucine, however, on day 21, a quadratic 
increase (P<.01) was noted. This resulted in a quadratic 
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response (P<.04) when the two periods were combined, obtain­
ing maximum solids concentration at 1.0H% dietary leucine. 
Milk solids production responded in a similar manner to milk 
yield (quartlc response, P<.01). Milk protein concentrations 
at day 15 responded in a quartlc manner (P<.11) while day 
21 concentrations were maximized (quadratic response, P<.003) 
at 0.84/2 dietary leucine. When both periods were combined, 
a quadratic response (P<.04) was observed for milk protein 
concentration, being maximized at 1.04^ dietary leucine. 
Nitrogen metabolism 
Nitrogen balance data are presented in Table AlO and 
Figure 5* Due to variable feed Intake during the nitrogen 
balance period, data have been statistically adjusted by 
covariance analysis to equal feed Intake (103.24 g daily 
nitrogen). Urinary nitrogen Increased linearly (P<.15) 
and nitrogen retention (excluding milk nitrogen) decreased 
linearly (P<.l4) as dietary leucine increased, thus indicat­
ing a decreased efficiency of amino acid utilization at 
levels above the basal diet (0.44% leucine). Dally milk 
nitrogen failed to display any response to dietary leucine 
and as a result, nitrogen balance responded quadratically 
(P<.13). It should be noted that sows fed the basal diet 
were near nitrogen equilibrium (0.60 g dally nitrogen re­
tained) while all other treatments produced negative nitrogen 
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balances. This indicates, according to nitrogen balance 
data, that the amino acid balance in the basal diet was more 
appropriate for the sows than that found in the other diets. 
As stated earlier, Lewis and Speer (1973) suggested that 100 
g daily nitrogen (balanced protein) would maintain nitrogen 
balance in the lactating sow. 
Plasma responses to leucine 
Responses of the plasma amino acids are shown in 
Table All and Figure 6. Plasma leucine had a week x treat­
ment interaction which resulted in linear, quadratic and 
cubic responses (P<.01) along with a quartic component 
response (P<.05). Although the response curve is somewhat 
erratic, the overall treatment effect (P<.01) shows that 
plasma leucine increased with increasing dietary leucine. 
The rapid increase in plasma leucine between the basal diet 
and the next level of leucine is of special interest. In 
past studies the limiting amino acid has remained at a 
relatively low level until the requirement was met, then in­
creased in a rapid, almost linear manner (Mitchell et al., 
1964; Zimmerman and Scott, 1965; Lewis and Speer, 1973; 
Tontislrin et al., 197^; Lewis and Speer, 1975a). The rapid 
increase mentioned above could indicate that the require­
ment was met at the 0.44% leucine level. 
Both plasma isoleuclne and valine decreased with 
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increasing dietary leucine (P<.01). Rogers et al. (1962) 
with rats, D'Mello and Lewis (1970a) with chicks and Henry 
et al. (1976) with pigs reported similar results when excess 
leucine was fed. This further confirms the possibility 
that the levels of leucine above the basal diet in this 
experiment were in excess of the requirement. 
On day 15, plasma urea responded quadratically (P<.07) 
and cubically (P<.08) with a minimum at 0.64% dietary leu­
cine (Table A12 and Figure 7). Day 21 plasma urea increased 
linearly (P<.10) to increasing dietary leucine, indicating 
a decrease in amino acid utilization with increasing dietary 
leucine. However, when all periods were considered, no 
significant responses were observed. 
A number of amino acids are ketogenic, and leucine is 
the most ketogenic of all the amino acids (Oser, 1965). 
The catabolism of leucine leads to the production of aceto-
acetate and acetyl coenzyme A. In the event that these prod­
ucts are not utilized in carbohydrate or lipid metabolism, 
ketone bodies are formed. One of these ketone bodies formed 
in the catabolism of leucine is 3-hydroxybutyric acid (BOHB) 
and it should follow that this compound would accumulate in 
the plasma when excess levels of leucine are fed. Thus, 
BOHB was measured as an indicator of leucine utilization, 
with the expectation that it would respond in a manner simi­
lar to that of plasma leucine. 
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Beta-hydroxybutyrate data are shown in Table A12 and 
Figure 8. Response of BOHB to increasing dietary leucine on 
day 7 was a linear (P<.05) increase. Day 15 responded both 
linearly (P<.01) and quadratically (P<.07) with increasing 
leucine. The BOHB response at day 21 was also linear (P<.01). 
When the data for all periods were combined, a linear 
(P<.01) increase in BOHB was observed with increasing diet­
ary leucine. This indicates increased catabolism of leucine, 
due to an excess in the diet. There was also a period effect 
(P<.01) on BOHB levels in the plasma with levels increasing 
as lactation progressed. However, this cannot be attributed 
to treatment effect since it is known that ketone bodies 
increase in the blood during fat mobilization. Since the 
sows were lactating, an increase in fat mobilization would 
be expected so that milk synthesis could be maintained. 
Determination of the leucine requirement for lactation 
The erratic nature of the production responses (Figure 
4) make it difficult to make any estimates concerning the 
leucine requirement. 
The metabolic responses do, however, offer some evidence 
regarding the leucine requirement. Nitrogen retention de­
clined with increasing dietary leucine and nitrogen balance 
was near zero for sows fed the basal diet, indicating max­
imum utilization of that diet. Plasma leucine increased 
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rapidly from the basal diet to the next dietary level of 
leucine. Along with the increase in plasma leucine, an 
increase was seen in BOHB, with increasing dietary leucine. 
Based on the data reported herein, the lactating sow 
does not require more than 0.44# dietary leucine. This 
level seems feasible in light of the fact that Easter and 
Baker (1977b) reported that gravid gilts require no more 
than 0.34% dietary leucine for maintenance of acceptable 
nitrogen (12 g/day) retention. That in itself is approx­
imately 48% less than recommended by the N.R.C. (1973). In 
the same sense, a recommendation of no more than 0.44% 
leucine for the lactating sow would be 55 and 35% less than 
that recommended by N.R.C. (1973) and Speer (1975), respect­
ively. 
A level of 0.44% leucine, in conjunction with the 0.37% 
isoleucine (approximately 45% below N.R.C. (1973) recom­
mendations) level recommended in Experiment 7504, would give 
a leucine :isoleucine ratio of 1.19:1. Although current 
N.R.C. (1973) levels give a ratio of 1.48:1 for lactating 
sows, the Illinois work (Easter and Baker, 1977b) with 
pregnant sows yields a leucine :isoleucine ratio of approx­
imately 1:1. Therefore, it seems reasonable to recommend no 
more than 0.44% (23.98 g/day) dietary leucine for the lactat­
ing sow. 
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SUMMARY 
Two experiments were conducted to estimate the isoleu-
cine and leucine requirements of the sow during lactation. 
Twenty-five Landrace x Yorkshire sows (second through sev­
enth parity) were randomly assigned to five dietary treat­
ments in each experiment. The basal diets were composed of 
either oat groats (isoleucine experiment) or hominy feed and 
gelatin (leucine experiment) plus corn sugar, wood flock, 
soybean oil, vitamins, minerals, indispensable amino acids 
and L-glutamic acid; fulfilling the requirements for all es­
sential nutrients except the amino acid under study. The 
sows were fed 5-^5 kg daily during the 21-day lactation. 
In the first experiment, L-isoleucine was added to pro­
vide levels of 0,20 (basal)i 0,283 0=37: 0,65 and 0,92# iso­
leucine in the diets. The requirement was estimated from 
data on milk yield and composition, pig weight gain, nitro­
gen retention, plasma isoleucine and plasma urea. 
Milk yield and pig weight gain responded quadratically 
(P<.05 and P<.08, respectively) to Increasing levels of iso­
leucine and were maximized at 0.37% isoleucine. Total solids 
and protein production in the milk increased quadratically 
(P<.005 and P<.05, respectively), exhibited a rapid increase 
from 0.20 to 0.28# Isoleucine, and was maximized at 0 . 6 5 %  
Isoleucine. Nitrogen retention was maximized at 0.37% iso-
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leucine (quadratic, P<.05). Plasma Isoleucine Increased mod­
erately to 0.37% Isoleucine, then Increased sharply at high­
er levels (linear, P<.001j quadratic, P<.05). Plasma urea 
was minimized at 0.37% isoleucine. 
Considering all parameters, the data suggest that a ma­
ture sow fed 5.45 kg daily and nursing nine pigs requires a 
minimum of 0.37% (20.2 g/day) dietary isoleucine during the 
first 3 weeks of lactation for maximum performance. In a 
diet containing natural ingredients, the requirement would 
probably be increased to 0.39% dietary isoleucine. 
In the second experiment, L-leucine was added to provide 
levels of 0.44 (basal), 0.64, 0.84, 1.04 and 1.24# leucine in 
the diets. The requirement for leucine was estimated from 
metabolic responses of the sows. Production responses were 
quite erratic and, since it is believed the basal diet was 
near the requirement, those responses were not used in esti­
mating the requirement. 
Nitrogen retention and nitrogen balance were maximized 
at 0.44% leucine. Both parameters decreased (linear, P<.l4 
and quadratic, P<.13, respectively) with increasing leucine. 
Plasma leucine increased (P<.01) with increasing dietary leu­
cine. Plasma 3-hydroxybutyrate increased linearly (P<.01) 
with increasing dietary leucine. 
Considering the parameters above, it is estimated that 
a mature sow nuBsing nine pigs requires no more than 0.44% 
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(23.98 g/day) dietary leucine during the first 3 weeks of 
lactation. 
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Table Al. Percent composition of basal diets^ 
Ingredient 7504b 7601° 
Oat groats 36.40 
Hominy feed — — — — —  30.00 
Gelatin ^ 6.50 
Corn sugar 40.80 49.35 
Dicalclum phosphate (26#Ca, 18#P) 2.30 2.30 
Calcium carbonate (38#Ca) 0.50 0.50 
Iodized salt 0.50 0.50 
L-glutamlc acid 6.25 2.55 
Soybean oil 7.50 4.80 
Amino acid premix 2.50 1.20 
Wood flock , 2.50 1.70 
Vitamin premix (with corn sugar) 0.40 0.45 
Trace mineral premix (with corn sugar)® 0.35 0.15 
Total 100.00 100.00 
^Dlets were maintained isonltrogenous with L-glutamlc 
acid. 
L-lsoleuclne added to provide 0.20 (basal diet), 0.28, 
0.37, 0.65 and 0.92# L-lsoleuclne in the diets. Analyzed 
11.48# crude protein. Calculated ME/kg = 3006.3 kcal. 
Refer to Table A2 for amino acid composition. 
°L-leuclne added to provide 0.44 (basal diet), 0.64, 
0.84, 1.04 and 1.24% L-leucine in the diets. Analyzed 
12.47# crude protein. Calulated ME/kg = 3060.7 kcal. 
Refer to Table A3 for amino acid composition. 
^Contributed the following per kilogram of diet: vitamin 
A, 4,400 lU; vitamin D2, 1,100 lU; riboflavin, 6.6 mg; 
pantothenic acid, 17.6'mg; niacin, 33 mg; vitamin B12, 22 yg; 
pyridoxlne, 44 intn; choline, 1,300 mg; vitamin E, 25.0 mg. 
^Contributed the following in milligrams per kilogram of 
diet: Zn, 100; Pe, 50; Mn, 27.5; Cu, 5-0; Co, 0.50; I, 0.75; 
K, 1,000; Mg, 15O; Se, 0.05. 
6 H  
Table A2. Exp. 7504: Indispensable amino acid composition 
of basal diet 
Supplied by 
Amino acid Oats Premlx Total (%) 
Arglnlne 0.26* 0.15 0.41 
Hlstldlne 0.11 0.12 0.23 
Isoleuclne 0.20 — — 0.20 
Leucine 0.39 0.43 0.82 
Lysine 0.15 0.40 0.55 
Methionine 0.09 0.13 0.22 
Phenylalanlne 0.19 0.10 0.29 
Threonine 0.18 0.24 0.42 
Tryptophan 0.07 0.04 0.11 
Valine 0.18 0.29 0.47 
^Calulated value. 
Table A3. Exp. 7601: Indispensable amino acid composition 
of basal diet 
Supplied by 
Amino acid Hominy feed Gelatin Premlx Total (.%) 
Arglnlne 0. 15^ 0. 35 0. 50 
Hlstldlne 0, .06®- 0, 04 0, .14 0. 24 
Isoleuclne 0. ,14 0, .06 0. 16 0. 36 
Leucine 0, .30 0, .14 — 0. 44 
Lysine 0, .12 0, .20 0, .26 0. 58 
Methionine 0, .03 0, .05 0, .08 0, .16 
Phenylalanine 0, .19 0, .09 0. 12 0, .40 
Threonine 0. 08 0, .08 0 .14 0, .30 
Tryptophan 0, .03^ — 0, .08 0. 11 
Valine 0, .15 0, .09 0, .15 0, .39 
^Calculated value. 
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Table A4. Milk yield, pig weight gains and weight changes 
of sows fed different levels of isoleucine 
Isoleucine, % 
Item 0 .20 0. 28 0.37 0 .65 0 •?2 
Milk yield Day l4 
(kg/day) Day 20 
5 
5 
.98 
.63 
6. 
6. 
82 
25 
7.38 
6.57 
6 
6 
.83 
.09 
6 
5 
.15 
.14 
Mean 5 .80 6. 53 6.98 6 .46 5 .65 
Avg. pig wt gain 
7-21 days (kg) 
1 .88 2. 19 2.38 2 .29 2 .06 
Sow weight change 
7-21 days (kg) 
-10 .20 -4, 90 -8.50 
-5 .00 -6 .10 
^Refer to Table B1 and B2 for statistical analysis. 
Table A5. Milk composition from sows fed different levels 
of isoleucine^ 
Isoleucine, % 
Period 0. 20 0.28 0.37 0.65 0. 92 
Day 15 
Day 21 
13. 
14. 
98 
94 
Total solids, % 
15.44 15.57 18.63 
14.66 15.08 15.16 
15. 
15. 
94 
67 
Mean 14. 46 15.05 15.33 16.89 15. 80 
Mean (g/day) 840 
Total solids production 
990 1070 1090 890 
Day 15 
Day 21 
4. 
4. 
24 
10 
Protein, 
4.50 4.13 
3.96 4.06 
% 
5.29 
4.14 
4. 
4. 
18 
33 
Mean 4. 17 4.23 4.10 4.72 4. 26 
Mean (g/day) 226. 6 
Protein production 
275.5 276.9 297.6 233. 5 
^Refer to Table B1 and B2 for statistical analysis. 
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Table A6. Plasma amino acid and urea concentrations in 
sows fed different levels of isoleuclne®-*^ 
Isoleuclne. % 
Period 0.20 0.28 0.37 0.65 0.92 
Isoleucine 
Day 7 
Day 15 
Day 21 
0.30 
0.31 
0.38 
0.52 
0.43 
0.47 
1.06 
1.18 
0.91 
2.28 
2.77 
2.79 
5.23 
4.88 
5.17 
Mean 0.33 0.47 1.05 
Leucine 
2.61 5.09 
Day 7 
Day 15 
Day 21 
2.36 
2.31 
2.13 
2.86 
2.85 
2.33 
2.16 
3.09 
2.39 
2.61 
2.05 
2.75 
2.85 
2.25 
2.78 
Mean 2.27 2.68 2.55 
Valine 
2.47 2.63 
Day 7 
Day 15 
Day 21 
2.98 
2.58 
3.00 
3.77 
3.03 
3.68 
3.14 
4.51 
3.62 
3.48 
3.10 
3.80 
4.38 
3.70 
4.50 
Mean 2.85 3.49 3.76 
Urea 
3.46 4.19 
Day 7 
Day 15 
Day 21 
28.07 
30.54 
28.97 
24.58 
24.28 
23.74 
25.92 
22.93 
22.15 
25.90 
24.73 
23.66 
22.95 
22.09 
26.72 
Mean 29.19 24.20 23.67 24.76 23.92 
^Concentrations in mg/100 ml. 
^Refer to Table B3 for statistical analysis. 
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Table A7. Nitrogen metabolism of sows fed different levels 
of isoleucine ' 
Isoleucine, % 
Item 0. ,20 0 .28 0 .37 0. 65 0. 92 
Mean daily nitrogen , g 
Peed 93. 23 93 .23 93 .23 93. 23 93. 23 
Feces 7. 67 9 .95 9 .22 8. 66 9. ,86 
Urine 42. 40 33 .91 30 .98 33. 39 36. 26 
Retention 43. ,16 49 .37 53 .03 51. 18 47. 11 
Milk 35. 52 43 .19 43 .:40 46. 64 37. 01 
Balance 7. 64 6 .17 9 .63 4. 54 10, .10 
^Refer to Table B4 for statistical analysis. 
^Data have been statistically adjusted to equal feed 
intake by covariance analysis. 
Table A8. Milk yield, pig weight gains and weight changes 
of sows fed different levels of leucine" 
Leucine, % 
Item 0. 44 0. 64 0.84 1 .04 1.24 
Milk yield Day 14 
(kg/day) Day 20 
5. 
5. 
92 
52 
6. 
5. 
01 
85 
5.38 
4.78 
5 
6 
.99 
.05 
5.31 
5.08 
Mean 5. 72 5. 93 5.08 6 .02 5.19 
Avr.. pic wt Rain 
7-21 days (kg) 
1. 02 1. 86 1.47 1 .82 1.66 
Sow weight change 
7-21 days (kp;) 
-5. 44 -8. 25 -4.72 -7 .89 —6.08 
^Refer to Table B5 and B6 for statistical analysis. 
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Table A9. Milk composition from sows fed different levels 
of leucine®-
Period 0 . 4 4  0 . 6 4  
Leucine, 
o.si 1.04 1724 
Day 15 
Day 21 
16. 
15. 
26 
21 
Total solids, % 
16.37 15.77 17.22 
16,12 16.57 15.80 
15. 
14. 
30 
94 
Mean 15. 74 16.25 16.17 16.51 15. 12 
Mean (g/day) 897 
Total 1 
950 
solids production 
8l4 988 785 
Day 15 
Day 21 
4. 
4. 
94 
52 
5.21 
5.21 
Protein, 
4.81 
5.57 
% 
6.00 
4.85 
4. 
4. 
69 
80 
Mean 4. 73 5.21 5.19 5.42 4. 75 
Mean (g/day) 270. 5 
Protein production 
308.9 263.6 326.3 246. 5 
&Refer to Table B5 and B6 for statistical analysis. 
Table AlO. Nitrogen metabolism of sows fed different levels 
of leucine-
Leucine, % 
Item 0. , 4 4  0. 64 0. , 8 4  1. o4 1. ,24 
Mean dally nitrogen s g 
Feed 103. ,24 103. 24 103. ,24 103. 24 103. 24 
Feces 9. 34 11. 22 12, .34 10. 44 10. 73 
Urine 49. 95 50. 75 57. 88 56. 78 56, .13 
Retention 43. 94 41. 26 33. 02 36. 02 3 6 ,  . 3 8  
Milk 43. 34 48. 05 39. 75 49. 95 38, .09 
Balance 0, .60 - 6. 73 - 6, .73 -13. 93 - 1, .72 
Refer to Table D7 for statistical analysis. 
^Data have been statistically adjusted to equal feed 
Intake by covarlance analysis. 
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Table All. Plasma free amino acid concentrations in 
sows fed different levels of leucine&/b 
Leucine» % 
Period 0.40 0.64 0.84 1.04 1.24 
Leucine 
Day 7 1.12 3.08 2.56 2.35 2.14 
Day 15 0.89 2.27 2.53 2.93 3.63 
Day 21 0.88 2.16 2.34 3.44 3.50 
Mean 0.97 2.50 2.48 2.91 3.09 
Isoleucine 
Day 7 2..67 2.03 1.22 0.92 0.67 
Day 15 2.45 1.66 1.06 1.30 1.10 
Day 21 2.95 1.29 0.88 1.19 0.99 
Mean 2.69 1.66 1.06 1.13 0.92 
Valine 
Day 7 4.17 3.91 2.35 1.72 1.38 
Day 15 3.77 2.76 2.17 2.31 2.38 
Day 21 4.24 2.52 1.94 2.56 2.37 
Mean 4.06 3.06 2.15 2.20 2.05 
^Concentrations in mg/100 ml. 
^Refer to Table B8 for statistical analysis. 
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Table A12. Plasma concentrations of urea and 3-hydroxy-
butyric acid In sows fed different levels of 
leucine^ 
Leucine, % 
Period Ô7P ÔTP 0784 Ï7P 172? 
Urea, mg/100 ml 
Day 7 33.21 31.20 31.48 29.57 30.77 
Day 15 31.75 25.31 26.40 31.43 30.91 
Day 21 26.59 25.68 28.37 31.60 29.67 
Mean 30.52 27.40 28.75 30.87 30.45 
B-hydroxybutyrlc acid, umoles/llter 
Day 7 30.28 36.46 35-19 40.03 36.77 
Day 15 37.88 39.53 38.64 40.40 51.66 
Day 21 35.83 40.92 40.27 45.61 45.53 
Mean 34.66 38.97 38.03 42.01 44.65 
&Refer to Table B8 for statistical analysis. 
71 
APPENDIX B 
Table Bl. Exp. 7504: Analysis of variance of milk yield 
and milk composition 
Mean Square 
Source d.f. 
Milk 
yield 
Total 
milk 
solids 
%Milk 
protein 
Treatment 4 3.0 8.3; 0.6 
Linear 1 2.6 12.7 0.4 
Quadratic 1 7.9* 14.6 0.7 
Cubic 1 2.5 1.5 1.0 
Remainder 1 1.0 4.6 0.2 
Replicate 4 11.Ob 2.5 0.1 
Rep X Treat 16 1.1 5.9 1.0 
Weeks 1 6.0b 8.2 1.5 
Weeks x Treat 4 0.1 6.6 0.6 
Weeks x Treat X Rep 20 0.4 4.2 0.6 
Total 49 1.8 5.3 0.7 
ap<.05. 
bP<.01. 
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Table B2. Exp. 7504: Analysis of variance of sow weight 
change, pig weight gain, dally milk solids and 
dally milk protein production 
Mean Square 
Source d.f. 
Sow 
weight 
change 
Pig 
weight 
gain 
Dally 
milk 
solids 
Dally 
milk 
protein 
Treatment 4 27.1 0.2 0.06®- 106.1 
Linear 1 16.4 0.0 0.00 0.0 
Quadratic 1 16.9 0.6^ 0.23° 403.0^ 
Cubic 1 2.6 0.1 0.01 2.6 
Remainder 1 72.6 0.0 0.01 21.0 
Replicate 4 5.1 0.4® 0.15^ 282.7 
Rep X Treat 16 44.6 0.2 0.02 70.1 
Total 24 35.1 0.2 0.05 106.1 
.07. 
^P< 
o
o
 o
 
o
 
A 
.005. 
.05. 
CD
 
A 
. 0 9 .  
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Table B3. Exp. 7504: Analysis of variance of plasma 
components 
Mean Square 
Source d.f. 
Iso-
leuclne Leucine Valine Urea 
Treatment 4 59.7* 0.0 0.04 79.1 
Linear 1 233.5^ 0.0 0.09° 57.8 
Quadratic 1 4.9° 0.0 0.00 70.7 
Cubic 1 0.0 0.0 0.06 161.2 
Remainder 1 0.3 0.0 0.00 26.8 
Replicate 4 0.1 0.0 0.01 30.8 
Rep X Treat l6 1.0 0.0 0.02 88.1 
Week 2 0.0 0.0 0.01 2.2 
Week X Treat 8 0.2 0.0 0.01 15.7 
Rep X Treat x 
Week 40 0.3 0.0 0.01 18.9 
Total 74 3.7 0.0 0.01 37.0 
^P<.01. 
^P<,001. 
°P<.05. 
Table B4. Exp. 7504: Analysis of variance of nitrogen metabolism^ 
Mean Square 
Source d.f. 
Nitrogen 
intake 
Fecal 
nitrogen 
Urine 
nitrogen 
Nitrogen 
retained 
Daily 
milk 
nitrogen 
Nitrogen 
balance 
Treatment 4  l 6 6 . 9  3 . 1  8 3 . 7  289.7 106.6 1 0 7 . 5  
Linear 1  6 6 . 8  3 . 2  1 8 . 4  128.5 0 . 0  6 0 . 5  
Quadratic 1  6 . 2  0 . 0  2 5 5 . 2 %  7 7 6 . 2 °  4 0 3 . 0 °  13.2 
Cubic 1  311.6 9 . 9  1 2 6 . 5  161.0 2 . 6  3 2 9 . 3  
Remainder 1  2 8 3 . 1  0 . 0  0 . 0  9 3 . 0  2 1 . 0  2 7 . 1  
Replicate 4  3 1 . 5  1.6 1 9 . 2  276.7 2 8 2 . 7  1 7 5 . 4  
Rep X Treat 1 4  1 0 6 . 0  4 . 0  2 5 . 0  188.1 2 5 . 0  1 3 4 . 4  
Total 2 2  1 0 3 . 6  4 . 0  4 1 . 9  219.8 106.1 136.9 
^Missing values were calculated for data from one sow. All values in table 
were adjusted to equalized feed intake by covariance analysis. 
b p < . 0 1 .  
° P < . 0 5 .  
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Table B5. Exp. 7601: Analysis of variance of milk yield 
and milk composition 
Mean Square 
Source d.f. 
Milk 
yield 
Total 
milk 
solids 
%Milk 
protein 
Treatment 4 1 . 8 *  3.0 0 . 9  
Linear 1 0.9 0.9 0.1 
Quadratic 1 0.0 8.2^ 3.0^ 
Cubic 1 0.5 1.3 0.2 
Quartic 1 5 . 9 °  1.4 0.5 
Replicate 4 11.1° 5 . 9 *  2.3* 
Rep X  Treat 16 0.5 1.6 0.6 
Weeks 1 0.9 2.6 0.2 
Weeks X  Treat 4 0.2 1.8 1.3 
Weeks? x Treat X Rep 20 0 . 6  1.5 0.6 
Total 49 1.5 2.1 0.8 
*P<.05. 
bp<.o4. 
°P<.01. 
dpf.03. 
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Table B6. Exp. 7601: Analysis of variance of sow weight 
change, pig weight gain, daily milk solids and 
daily milk protein production 
Mean Square 
Source d.f. 
Sow 
weight 
change 
Pig 
weight 
gain 
Daily Daily 
milk milk 
solids protein 
Treatment 4 11.8 131.6 37625.9^ 124.2^ 
Linear 1 0.4 69 .2  17350.9 7.4 
Quadratic 1 2.3 40.3 14588.4 107.2 
Cubic 1 0.9 2.9 17768.4 64.9 
Quartic 1 43.7 4l4.2^ 100796.0° 317.3 
Replicate 4 10.8 543.2° 86802 .4°  161.9^ 
Rep X Treat 16 55.9 95.1 9358.1 38.9 
Total 24 41.0 175.9 26976.8 73.6 
a_ 
^P<.06. 
°P<.01. 
Table B7. Exp. 7601: Analysis of variance of nitrogen metabolism^ 
Mean Square 
Source d.f. 
Nitrogen 
intake 
Fecal 
nitrogen 
Urine 
nitrogen 
Nitrogen 
retained 
Daily 
milk 
nitrogen 
Nitrogen 
balance 
Treatment 4 593.0 5.6 48.4 96.6 129.3 156.8 
Linear 1 1430.7 1.6 136. 3^ 207.6° 29.9 69.1 
Quadratic 1 327.9 13.0 42.0 107.2 72.3 364.3^ 
Cubic 1 347.0 4.8 16.3 4.2 38 . 6  71.5 
Quartic 1 266.5 3.8 40.2 67.4 281.9 122.3 
Replicate 4 468.1 3.4 54.4 81.5 161.9® 261.7 
Rep X Treat 15 394.7 6.1 57.0 82.1 38.4 139.6 
Total 23 441.7 9.6 87.0 84.5 76.8 163.9 
^All values in table were adjusted to equalized feed intake by covariance 
analysis. 
^P<.15. 
°P<.14. 
* P < . 1 3 .  
®P<.02. 
Table B8. Exp. 760I: Analysis of variance of plasma components 
• Mean Square 
Source d.f. Leucine Isoleucine Valine Urea B-hydroxy-
butyrate 
Treatment 4  10. 5 *  7 . 9 *  11.1* 32.8 2 1 9 . 5 *  
Linear 1 3 2 . 5 *  2 4 . 7 *  36.0* 16.6  7 9 4 . 5 *  
Quadratic 1 5 . 4 *  5 . 7 *  7 . 5 *  4 0 . 9  2.7 
Cubic 1  2.6* 0.8 0.1 7 3 . 7  22.9 
Quartic 1 1.5" 0.3 0 . 9  0 . 0  5 7 . 9  
Replicate 4  
C
M
 
-
0
 0
 
0
 0
 
0
 
3 2 . 4  6 5 . 3  
Rep X Treat 1 6  0.3 0 . 1  0 . 3  4 0 . 5  38.0 
Week 2  0.3 0 . 0  0 . 0  5 4 . 9  288.1* 
Week X Treat 8 1 . 5 ^ '  0 . 4 *  1 . 5 *  2 5 . 4  4 5 . 0  
Rep X Treat x Week 4 o  0 . 2  0 . 1  0 . 2  1 9 . 5  30.0 
Total 7 4  0 . 9  0 . 6  0.9 27.1 5 2 . 4  
*P<.01. 
^P<.05. 
